The effects of the site usedfor atrial pacing on atrial and atrioventricular nodal conduction were assessed in I6 patients. In I3 Left atrial appendage and high right atrium were similarly compared in three additional patients, and no significant differences were found in conduction times and refractory periods.
The effects of the site usedfor atrial pacing on atrial and atrioventricular nodal conduction were assessed in I6 patients. In I3 patients, three atrial pacing sites were used: high right atrium, low lateral right atrium, and midcoronary sinus. Two recording sites were used: low septal right atnum, including His electrogram, and high right atrium. Stimulus (S) to high right atrium interval was longest with coronary sinus pacing (76 ± 7 ms) (P< o.ooI), and shortest with high right atrial pacing (41 ±3 ms) (P< o.o5). There was no significant difference in stimulus to low septal right atriumfrom all three pacing sites. Atrialfunctional and effective refractory periods were not significantly different. Mean low septal right atrium to His was significantly shorter from the coronary sinus (93 ± 8 ms) (P< o.ooI) , as compared to high right atrium (i39 ± I6 ms), and low lateral right atrium (I29± 13 ms) pacing. A V nodalfunctional and effective refractory periods, and the paced rate producing AV nodal Wenckebach were not significantly different when comparing the three sites.
Left atrial appendage and high right atrium were similarly compared in three additional patients, and no significant differences were found in conduction times and refractory periods.
Electrophysiological studies in the catheterization laboratory are used to study conduction physiology, pathophysiology, and pharmacology. In these studies, conduction intervals and their responses to atrial pacing are measured. Refractory periods are determined using the atrial extra-stimulus technique. Previous studies suggest that atrial stimulation site might influence electrophysiological findings (Waldo et al., I970; Leon et al., 1970; Lau et al., I970; Lancaster et al., I965; Janse, I969) . In this study, we have systematically studied the effects of atrial pacing site on atrial and AV nodal conduction times and refractory periods.
Methods
This study was conducted in i6 patients: 12 had electrophysiological evaluation because of intraventricular conduction disease, and 4 had electrophysiological studies performed after diagnostic cardiac catheteriza- tion. Informed consent was obtained. Clinical data in the i6 patients are summarized in Table i .
All patients were studied in the post-absorptive, nonsedated state. A tripolar electrode catheter was introduced percutaneously into the right femoral vein and placed across the tricuspid valve for His bundle recording (Scherlag et al., 1969) . A quadripolar electrode catheter was introduced into the left femoral vein and advanced into the high lateral right atrium for both recording of atrial electrograms and for atrial stimulation. A bipolar electrode catheter, introduced via the antecubital vein, was used for pacing the low lateral right atrium and coronary sinus. The interelectrode distances in the bi, tri, and quadripolar catheters were I cm. Refractory periods were determined using the atrial extra-stimulus technique (Denes et al., I974) . Previous definitions of atrial and AV nodal effective and functional refractory periods were used (Denes et al., 1974) . Stimuli were 2 ms in duration and twice diastolic threshold in intensity, delivered by a digital programmable pulse generator.' Intracardiac electrograms, as well as electrocardiographic standard leads I, II, III, and chest lead Vi were simultaneously displayed on an oscilloscope and recorded on a multichannel photographic recorder (Electronics for Medicine DR-i6, White Plains, New York) at paper speeds of ioO Location of pacing and recording sites used
The locations of pacing and recording electrode catheters are shown in Fig. I . Three stimulation sites were studied in I3 of the patients, these being: i) high lateral right atrium at the junction of the superior vena cava and right atrium; 2) low lateral right atrium just above the junction of the inferior vena cava and low right atrium, and 3) the midportion of the coronary sinus (a posterior left atrial pacing site). The position of the HRA Pacing catheter in the coronary sinus was confirmed by its posterior location in the lateral view and by the presence of inverted P waves in leads II and III during stimulation. In addition, in a separate group of three patients, the left atrial appendage was paced and compared to the high right atrium. In these three patients, the left atrium could be entered via a patent foramen ovale. The following two atrial recording sites were used ( polar catheter; and 2) low septal right atrium, recorded three patients, the left atrium was studied and compared from the His bundle catheter. to the high right atrium. At each site, the atria were paced at increasing rates until AV nodal Wenckebach Protocol periods were observed. The following intervals were
The following protocol was used. In I3 patients, the then measured and compared at a cycle length of 667 Ms: three pacing sites were studied sequentially, beginning i) S-H, from stimulus to His bundle electrogram. This with the high right atrium, then with the low lateral measured total conduction time from stimulus (at a given right atrium, and concluding with the coronary sinus. In pacing site) to His bundle: 2) A-H from low septal right Refractory periods were measured using the atrial extra-stimulus technique at a cycle length of 667 ms from the three stimulation sites. In 6 patients, the refractory periods from high right atrium were also repeated at the end of the procedure, and were noted to be similar to the initial measurements. Statistical analysis was done using analysis of variance, in those patients in whom the measured variables were available for all three pacing sites. The Student t-test was used to compare left atrium against high right atrium.
Results
The detailed results obtained in the i6 patients are given in Table 2 .
Intra-atrial conduction (Table 3) Stimulus to high right atrium conduction times were (mean ± SEM) 4I ± 3, 56 ± 6, and 76 ± 7 ms with high right atrium, low lateral right atrium, and coronary sinus pacing, respectively. Stimulus to high right atrium was significantly shorter with high right atrial pacing when compared to both coronary sinus and low lateral right atrium pacing. S-A conduction times were 6I ± 5, 64 ± 6, and 53 + 6 ms with high right atrium, low lateral right atrium, and coronary sinus pacing, respectively. These means were not significantly different.
Mean atrial functional refractory period was 265 ± I9, 280 ± 9, and 29±I 7 ms from high right atrium, low lateral right atrium, and coronary sinus, respectively (NS). Mean atrial effective refractory period was 244 ± i6, 240 ± 8, and 253 ± IO ms from high right atrium, low lateral right atrium, and coronary sinus pacing, respectively (NS). respectively (NS). Mean AV nodal effective refractory period was 382 ± 20, 40I ± 36, and 422 ± 36 ms from the high right atrium, low lateral right atrium, and coronary sinus respectively (NS).
AV nodal conduction (
The mean pacing rates inducing AV nodal Wenckebach periods were I43 ± 6, 148 ± 7, and I46 ± 7 beats/min from the high right atrium, low lateral right atrium, and coronary sinus, respectively (NS).
Left atrial pacing
In the three patients in whom the left atrial appendage was paced and compared against high right atrium, mean stimulus to high right atrium was 39 ± 5 ms from high right atrium and 47 ± I0 ms from the left atrium (NS). The mean S-A was 47 ± 2 ms from the high right atrium, and 6I ± 8 ms from the left atrium (NS). Mean atrial functional refractory period was 285 ± I3 ms from the high right atrium, and 287 ± 30 ms from the left atrium (NS). Mean atrial effective refractory period was 243 ± i6 and 288 ± 35 ms for high right atrium and left atrium, respectively (NS). Mean S-H was I64 ± 4 ms from the high right atrium and 173 ± 4 ms from the left atrium (NS). Mean A-H was II5±3 and I"4 ± 5 ms from high right atrium and left atrium, respectively (NS). Wenckebach periods occurred at 170 ± 5 beats/min from the high right atrium and 177 ± 9 beats/min from the left atrium (NS). The mean AV nodal functional refractory period was 433 ± i8 and 4I8 ± 2 ms from the high right atrium and left atrium, respectively (NS). In these patients, the AV nodal effective refractory period could not be measured because of limiting atrial refractoriness. Discussion Intra-atrial conduction In I9II Sir Thomas Lewis, in a classic experiment in dogs, was able to demonstrate that the conduction time from the sinoatrial node was longer to the left atrial appendage than that to the right atrial appendage, establishing a direct correlation between the distance an impulse has to travel with the time required to traverse the same tissue (Lewis, I925) . Lewis suggested that atrial depolarization was radial, originating from the sinus node. In contrast, James (James, I963; James and Sherf, I97I) has emphasized the importance of the internodal tracts, suggesting that these atrial pathways facilitate orderly atrial depolarization and uniform input to the AV node. (Table 2) . However, these differences were not significant when analysed for the entire group.
AV nodal conduction Janse (I969) has suggested that the route of entry of the atrial wave front into the AV node is a partial determinant of AV nodal conduction and excitation. In the isolated rabbit heart, he was able to demonstrate that by changing the stimulation site from the crista terminalis to the interatrial septum, conduction disturbances appeared in the form of 2: I AV block. Our findings by pacing from four pacing sites revealed a significant shortening of S-H interval with coronary sinus pacing. This reflected shortening of A-H interval, since S-A was not significantly different. This finding corroborates earlier observations by Leon et al. (I970) 
